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Determining hand laterality during human evolution is important in order to 24 
identify brain hemispheric lateralization for motor tasks and, indirectly, to gain 25 
information on the complex cognitive functions of the human brain. In this paper, we 26 
present a new method for inferring handedness from lithic evidence. The study is based 27 
on an analysis of the scatter patterns of lithic remains from stone knapping episodes. An 28 
experimental programme was carried out by fourteen knappers (eight right-handed and 29 
six left-handed), ranging from individuals that had never even struck two pebbles 30 
together to individuals who were quite familiar with prehistoric tools and had some 31 
degree of practice. The results of the experiment show that the material scatter patterns 32 
of right- and left-handed knappers at group level are different, but they do overlap at 33 


































































right-handedness has been also estimated. In addition, we have adapted this method to 35 
be applied to the archaeological record. In this case, only well-preserved knapping 36 
events with no post-depositional alterations can be used to assign left- or right-handed 37 
knappers, the former being more reliably detected than the latter. 38 
 39 
Keywords: experimental archaeology, stone knapping, handedness, scatter-patterns, 40 
density maps. 41 
 42 
 43 
1. INTRODUCTION 44 
The development of hand laterality in human evolution is one of the major issues in 45 
cognitive archaeology. Questions such as when, how and why a tendency toward right-46 
handedness appeared are still under study. These issues have been addressed from a 47 
wide range of disciplines, including primate ecology (McGrew and Marchant 1997; 48 
Uomini 2009; Llorente et al. 2010; Mosquera et al., 2012), brain asymmetries (LeMay 49 
1976; Holloway et al. 2004), bone lateral asymmetries (Plato et al. 1980; Corballis 50 
1983), buccal striat  2009) and 51 
various archaeological approaches (Toth 1985; Cornford 1986; Phillipson 1997; Rugg 52 
and Mullane 2001; Pickering and Hensley-Marschand 2008; Peresani and Miolo 2012; 53 
Uomini and Meyer 2013).  54 
The study presented here belongs to the last category and represents the first step in 55 
identifying the handedness of prehistoric hunter-gatherers by analyzing the scatter 56 
patterns of the lithic remains from stone knapping. To this end, we first developed an 57 
experimental stone knapping programme and analyzed the scatters of lithic remains 58 
from the knapping performed by both right-handed and left-handed knappers. Secondly, 59 
we adapted this method to be applied to the archaeological record. 60 
Scatter patterns from stone knapping have been studied by Leroi-Gourhan and 61 
on (1966), as well as Roberts and Parfitt (1999), who compared archaeological 62 
and ethnographic examples in observational research. There are some preceding 63 
publications on the experimental study of refits (Cziesla et al. 1990), and the 64 
experimental reproduction of spatial patterns (e.g., Newcomer and Sieveking 1980). The 65 
methods used by these latter authors were the precursors to studies using experimental 66 
programmes to answer archaeological questions. However, Newcomer and Sieveking 67 


































































knapping episodes, comparing different scatter patterns produced by knappers seated in 69 
chairs, sitting on the ground with their legs stretched out straight, and sitting on the 70 
ground with their legs bent. The study conducted by Schick (1986) was similar but had 71 
a broader scope, since she documented the maximum spatial distribution of remains 72 
depending on whether the knapper was standing up, kneeling, crouching or sitting on 73 
the ground with their legs stretched out straight. 74 
Along these lines, the work of Ahler (1989) introduced the notion of lithic remains 75 
spatial distribution76 
the techniques and identifying the raw materials used. Kvamme (1997) studied the 77 
spatial features and the scatter patterns of lithic remains in relation to different raw 78 
materials and hammer types (soft and hard). He developed an exponential equation for 79 
modelling g (1999) approached 80 
experimental knapping with the aim of identifying the diagnostic features of the flakes 81 
obtained through 82 
dealt with other subjects, such as the functional characteristics of the knapping area 83 
(looking for ethnographic parallels such as the use of blankets to collect the lithic 84 
macro-remains), the position of the knapper, and the features of the knapping areas 85 
when knapping tasks were performed by children. However, none of these studies 86 
focused on identifying the hand laterality of the knapper. 87 
The study presented here is innovative, as the spatial distribution of lithic remains 88 
during knapping will enhance the interpretation of archaeological sites, particularly 89 
those in which domestic areas, well delimited in time and space, have been preserved 90 
(Vaquero et al. 2007; Vaquero 2008). Moreover, it will enable the identification of tools 91 
made by right- or left-handed hominins.  92 
This study may also help to determine the approximate point at which hand 93 
laterality appeared in hominin evolution. Some work on the handedness of extant 94 
hominins points to a hand preference similar to ours in species such as Homo 95 
heidelbergensis , 2003; Lozano 96 
et al. 2009). However, most of these studies focus on the dental use-wear generated 97 
when individuals used their front teeth as a third hand, probably for cutting meat or 98 
other subsistence and/or domestic activities. Unfortunately, all hominin species do not 99 
display this behaviour nor are human remains very abundant in the global 100 
archaeological record. In fact, the lithic industry makes up the greatest proportion of 101 


































































knapping events are not very abundant, they are undeniably more common than 103 
hominin remains. 104 
This study starts from the hypothesis that handedness may, in some way, affect the 105 
scatter patterns of lithic remains during knapping, thereby making it possible to 106 
distinguish between the spatial patterns produced by right- and left-handers. To test this 107 
hypothesis we designed and performed an experimental knapping programme involving 108 
28 knapping events. 109 
 110 
2. EXPERIMENTAL PROGRAMME 111 
As a first step, we conducted a pilot experiment in order to check the reliability 112 
of the method and establish the most suitable procedures. The pilot experiment was 113 
based on the same procedures and variables as the formal experiment presented here, 114 
but it was conducted using 18 knapping events, while the formal experiment, that 115 
includes the pilot experiment, comprised 28.  116 
 117 
2.1. Participants 118 
Fourteen volunteers (eight women and six men) took part in the experiments. Six 119 
were left-handed and eight were right-handed (Table 1). The volunteers had knapping 120 
skills ranging from novice (who had never struck two pebbles together) to a certain 121 
degree of practice in knapping. Six were from Universitat Rovira i Virgili (URV, 122 
ial 123 
(IPHES, Tarragona), and one was from the Universidad de Burgos (UBU, Burgos). The 124 
mean age of the knappers was 30.5 years (SD 6.48 years), they had a mean height of 125 
168 cm (SD 0.06 cm), and a mean weight of 70 kg (SD  9.81 kg).  126 
 127 
Table 1 128 
 129 
2.2. Materials 130 
The raw material used for the experiments was chert, in the form of blanks from 131 
the Ulldemolins area132 
terraces, both in the province of Tarragona (Spain). This chert is fine-grained, thereby 133 
ensuring good conchoidal fracturing. The chert blanks had not been previously shaped. 134 


































































significant differences between them. Each participant freely selected one hammerstone 136 
to use. The mean weight of the hammerstones was 542 gr. (SD 290,39 gr.). 137 
The current research is a continuation of a previous experimentation program, 138 
where the handedness of the knappers were investigated through the technical 139 
characteristics of the flakes ra, 2013). On its hand, this 140 
paper deals with the identification of the handedness of the knapper by means of the 141 
spatial analysis of the scatters of the flakes detached. Our study involves twenty-eight 142 
scatters of lithic remains, which were generated during the knapping activities of the 143 
fourteen volunteers. Of these, 12 scatters belong to left-handers and 16 to right-handers. 144 
We have considered the distribution of all the flakes extracted, with no size and 145 
morphology restrictions (see Figure S1 for examples of flakes obtained by novice 146 
knappers).  147 
  148 
2.3. Protocol 149 
All the knapping experiments were conducted outdoors, on a surface measuring 150 
approximately 4 m2, covered with a cloth in order to prevent the flakes from breaking 151 
when they fell to the ground 152 
protocol). Each participant knapped alone, in the presence of two observers who 153 
recorded the experiment. There was no trial period, as all knappers were able to detach 154 
flakes right from the start. No time limit was set for the experiment. The goal was to 155 
obtain flakes, regardless of their size and knapping technique used (see Supplementary 156 
Information 1). Although most archaeologists assume that prehistoric stone working 157 
was conducted in squatting, kneeling, or sitting positions, a view that is supported by 158 
the limited ethnographic data available (White and Thomas, 1972; Binford et al., 1984; 159 
Kvamme, 1997; Hiscock, 2004), different combinations of technological strategies, 160 
hammerstones, blank types, body positions, and ground surfaces may drastically 161 
influence the characteristic spatial signatures. For this reason, we decided to control as 162 
many parameters as possible, seating the participants on a log and telling them to knap 163 
either without supporting themselves, or by supporting their arms on their legs.  164 
 In order to obtain a larger sample set, each participant knapped two 165 
consecutive times. Each scatter of lithic remains was recorded using a video camera 166 
located in front of the knapper. After each experiment concluded, photographs were 167 


































































recorded with a Sony HDRHC1E, HDV 1080i video camera, always using the same 169 
recording angle and camera position.  170 
 171 
3. METHOD 172 
The area where the experiment took place measured approximately 4 m2, a 173 
surface large enough to collect more than 90% of the lithic fragments detached during 174 
knapping. The knapper performed the task whilst sitting on a 30-cm-tall log. The 175 
position of the log and knapper were constant throughout the experiments (Figure 1). 176 
This meant the scatters from the different knapping events always had the same initial 177 
point, allowing a direct comparison to be made between them.   178 
 179 
Figure 1 180 
 181 
 182 
3.1. Data collection 183 
Several steps were followed in order to achieve our goal: 184 
1- Digitalizing the position of each lithic item within the scatter  in which it was 185 
produced. The point of the lithic item that was digitalized was the central 186 
point of the piece (half of its length). We transformed the photographs into 187 
digital images using the Golden Software SURFER 8 program, in order to 188 
obtain a database of the Cartesian coordinates of each lithic item, and the 189 
digital scatter of all the lithic remains detached by each knapper (Figure 2). 190 
2-  The Golden Software SURFER 8 program was also used to obtain density 191 
maps. The first step in obtaining the density maps is adapting the data 192 
(degrees and distance) to a grid. In this study, the grids are divided into 193 
10 cm2 sections, in order to achieve a better resolution. 194 
 195 
Figure 2 196 
 197 
3- Searching for the maximum amplitude of the spatial distribution, which is 198 
determined by measuring the angle and distance of each fragment in relation to the point 199 
of origin. We first calculated the point of origin of the scatter using the digital data 200 


































































calculated using the average of the X coordinates of the trunk and the average of the Y 202 
coordinates of the trunk (Figure 2).  203 
4- After determining the point of origin of each item, we entered this into the 204 
Cartesian coordinate database. These data were then used to obtain the angle of each 205 
lithic fragment in relation to the point of origin. To do this, we first had to ascertain the 206 
distance of each lithic fragment using Pythagoras  theorem (h=       2 2), calculating 207 
for each (see Figure 2). This process was carried out for each lithic fragment in 208 
each scatter had been obtained, the distance of each was calculated 209 
(Figure 2).  210 
5- The angle of each lithic fragment was calculated using the formula: 211 
cos^ = /h (Figure 2).  212 
 213 
3.2. Data analyses 214 
The data were first analyzed with descriptive statistics using Microsoft Excel 215 
software, to understand the numeric pattern of the sample (Barcel , 2007). Secondly, 216 
the data were analyzed through inferential statistics using the Past software program 217 
(Hammer et al., 2001, 2008). We performed Man-Whitney and skewness tests to 218 
evaluate any differences between individuals and/or groups with regard to handedness. 219 
Rose diagrams were constructed using the Rozeta 2.0 software package. 220 
Scatters from left-handed and right-handed knappers may be distinguished in 221 
three ways: 1) by examining the maximum amplitudes of their spatial distribution and 222 
asymmetry; 2) by analyzing the way in which the lithic remains are scattered within the 223 
spatial distribution; and 3) by evaluating where the greatest densities of lithic remains 224 
are concentrated. 225 
 226 
4. RESULTS 227 
The sample set comprises 28 scatters, 16 (57.1%) from right-handed knappers, 228 
and 12 (42.9%) from left-handed knappers. A total of 3,716 lithic fragments were 229 
digitalized. Of these, 1,485 belonged to the knapping series of the left-handers and 230 
2,231 to the knapping series of the right-handers (Table 2). 231 
 232 
Table 2 233 
 234 


































































We analysed two sets of data: 1) the angle; and 2) the distance of the lithic 236 
remains within the scatters. As Figure 3 shows, to the naked eye, the superposition of 237 
digitalized scatters reveals certain differences in the group scatter patterns of the 238 
remains. The lithic remains of left-handed knappers tend to be concentrated to the left of 239 
the knapper, while lithic remains of right-handed knappers tend to be grouped to their 240 
right.  241 
 242 
Figure 3 243 
 244 
1) Amplitudes of the spatial distribution and asymmetry. 245 
By using the angles and distances of the lithic remains calculated from the Cartesian 246 
coordinates, first we extracted a frequency table, where the number of items produced 247 
by each knapper is represented by intervals of angles. Secondly, we extracted the 248 
percent of each interval angle based in the number of items produced in each interval 249 
with respect to the maximum number of items for each group. We use the percent 250 
because is more clear to see the differences and to make the data comparable. (Table 3 251 
and Figure 4; Supplementary information 2). While the left-handed group produced the 252 
largest number of lithic remains in the intervals from (-30 -39 ) to (10 19 ), the right-253 
handed group generated the highest concentrations of items between the intervals (-19254 
-10 ) and (420 429 ). When comparing the highest concentrations produced, the 255 
distributions of the two groups have an overlap of around  area of uncertainty 256 
corresponds to the intervals between (-19 -10 ) and (10 19 ), inclusive. To test for 257 
significant differences between the distributions we applied the Man-Whitney test. The 258 
 intervals. The results 259 
below 0.05 (p <0.0001) indicate significantly different distributions between the two 260 
groups. 261 
 262 
Table 3 263 
 264 
Based on these group data, we obtained the distribution of the lithic remains according 265 
to the handedness of the group (Figure 4). In both cases, we observed a wide amplitude 266 
of scatter, encompassing intervals (-89 -80 ) to (80 89 ). Nevertheless, we needed to 267 
determine the degree of symmetry in each group. In order to answer this question, we 268 


































































0.168), while the left-handed sample gave positive values (0.063), thus indicating a 270 
differential asymmetry between the spatial distributions of the two groups. 271 
 272 
Figure 4 273 
 274 
2) The way in which the lithic remains are scattered within the spatial 275 
distribution. 276 
Figure 5 summarizes all the lithic remains in rose diagrams from the Rozeta software, 277 
differentiating right-handed (Figure 5 right) and left-handed knappers (Figure 5 left). 278 
These graphs allows us to identify the interval angles that have the most lithic remains. 279 
Both graphs show a unimodal distribution. There does seem to be a preferential 280 
orientation: we can see that the right-handed sample orientates towards the northeast 281 
and the left-handed sample is oriented towards the northwest. The right-handed sample 282 
has the highest lithic fragment concentration in the interval (20 29 ) while for the left-283 
handed group, this is in the interval (0 10 ).  284 
  285 
Figure 5 286 
 287 
3) Density maps of the lithic remains. 288 
Once all the results of the maximum spatial distribution and highest concentrations had 289 
been obtained, we needed to show the highest densities for the two groups. Figure 6 290 
reveals substantial differences in the density maps: 291 
1) The maximum contour of the scatter indicates the position of the spatial 292 
distribution axis. The right-handed group shows this axis oriented to the right, 293 
whereas the left-handed group shows the axis to the left.  294 
2) The map also shows different densities. For the right-handed group, the highest 295 
density contour (black; shades number 8 and 9) is oriented to the right, just like 296 
the spatial distribution axis of the lower concentrations (grey; shades from 0 to 297 
7). The spatial pattern of the left-handed group is not as clear, because the 298 
maximum density distribution (black) is more localized, while the axis of the 299 
lower concentrations (grey) is oriented towards the left. 300 
 301 



































































4.2. Individual level 304 
 305 
Up to this point we have been dealing with results at group level, but we must bear in 306 
mind the fact that archaeological evidence is the result of tasks performed by 307 
individuals. As archaeologists it is interesting to know whether we can identify the 308 
different individuals who knapped in the past as being right- or left-handed. Therefore, a 309 
major question is how individuals compare within the left- or right-handed groups. If 310 
we analyze the individuals within each group, we can see that the scatters are 311 
heterogeneous (Figure 7).  312 
 313 
Figure 7 314 
 315 
At the individual level, for 81.3% of the right-handed group the knapping events 316 
show a preferential direction of the maximum contour of the remains to the right 317 
(Figure 7). This result agrees with the results obtained for the entire group (Figure 6). 318 
The remaining, 18.7% of the scatter patterns of right-handed knappers reveal no 319 
preferential direction. Furthermore, the majority (75%) of the right-handed knappers 320 
show the same preferential spatial distribution orientation as seen at group level. 321 
In contrast, 33.33% of the spatial distribution orientations of left-handed 322 
knappers show a preferential orientation opposite to that which is expected and 323 
observed at group level; i.e., to the right. In fact, although when considered as a group 324 
the left-handers show a preferential orientation of their spatial distribution to the left 325 
(Figure 6), they behave rather variably at the individual level. Figure 7 shows that 326 
58,33% of the scatter from left-handed knappers preferentially orients to the left, 327 
33.33% goes to the right and 8.33% has no preferential orientation at all. 328 
In summary, the analyses of the preferential direction of individual knapping 329 
scatters does allow us to identify the handedness of the knapper, but certain conditions 330 
must be taken into account: 1) the right-handed group is more homogeneous than the 331 
left-handed group, and they never show a preferential pattern of spatial distribution to 332 
the left; 2) left-handed knappers tend to be more variable, and 33.33% of their spatial 333 
distribution show preferential orientations to the right. This factor must be considered 334 
for an archaeological approach, because a left preferential orientation of the maximum 335 


































































orientation of this spatial distribution simply indicates a higher probability that the 337 
knapper was right-handed. 338 
 339 
4.3. Archaeological adaptation 340 
 341 
As the position assumed by the knapper in archaeological events is unknown, we 342 
need to ensure that this position does not affect the identification of knappers hand 343 
laterality. There are two options to face this problem: 1) Standardizing the position of 344 
each lithic fragment within all the knapping scatters; and 2) S345 
locations of knapping from the experiments and evaluating the influence of such 346 
 of loci upon the assessment of handedness. In our view, the first 347 
option is more reliable. Therefore, in order to standardize the position of each lithic 348 
fragment within all the knapping scatters, we firstly extracted the angles and distances 349 
of each lithic piece; secondly, for each event, we standardized the degree of each spatial 350 
distribution from the arithmetic mean of the angles for each lithic fragment. Finally, we 351 
used the transformed angles of all the pieces to statistically compare the fragment 352 
scatter of each knapper. This comparison allowed us to identify possible differences 353 
between the lithic spatial distribution of right-handed and left-handed knappers. 354 
Based on these standardized data, we generated Figure 8, which shows the 355 
distribution of the lithic remains according to the handedness of the group. In the case 356 
of the right-handed group, a wide amplitude of scatter is noticeable, which includes the 357 
angle intervals from (-129 -120 ) to (100 109 ). In contrast, the left-handed group 358 
shows a reduced spread, from (-99 -90 ) to (100 109 ). Both groups have positive 359 
skewness coefficient values: 0.653 for right-handed knappers and 0.502 for left-handed 360 
knappers, reflecting a greater asymmetry towards high values in the right-handed group. 361 
However, the Man-Whitney test shows no significant differences (p=0,3) between both 362 
groups. 363 
 364 
Figure 8 365 
 366 
However, an important aspect involves the individual spread or limits in the 367 
knapping spatial distributions, since this is what we find in the archaeological record. In 368 
this sense, the density maps allow us to apply our method to the archaeological record 369 


































































standardization are quite similar to those obtained previously (Point 4.2.): around half of 371 
the left-handed group (58.33%) shows the maximum contour on the left; another 372 
33.33% shows the maximum contour on the right, and 8.33% of the entire group shows 373 
no preferential direction. For the right-handed group, the results are similar to those 374 
obtained prior to data standardization: 81.3% show the maximum contour to the right, 375 
and 18.7% shows no preferential orientation (Point 4.2.). 376 
 377 
5. DISCUSSION AND CONCLUSIONS 378 
This work has been designed to enable the assignation of handedness from lithic 379 
evidence in the archaeological record, specifically from an analysis of the scatter 380 
patterns of lithic remains resulting from stone knapping. The experimental programme 381 
and method applied to achieve this goal allowed us to distinguish between the scatters 382 
produced by left-handers and those generated by right-handers.  383 
 The method is based on determining the maximum amplitude of the spread, the 384 
way in which the lithic remains are scattered within the spatial distributions, and the 385 
density of distributions resulting from the knapping activities of the two groups of 386 
handedness. To achieve this, we obtained the angle of each fragment in relation to the 387 
position of the knapper, which was the centre of a log on which the knappers were 388 
seated. The angles of all the pieces were then used to statistically compare the spatial 389 
distributions of the lithic remains of all the knappers, and to identify possible 390 
differences between the lithic scatters of right-handed and left-handed knappers. 391 
 In this experimental program we did not fix a time limit and the knapping 392 
technique was free. We only restricted the participants to knap either without support, or 393 
by supporting their arms on their legs. In our view, the time limit does not induce 394 
different spatial distributions of flakes during knapping, but the knapping techniques 395 
perhaps produce different spatial scatters. For this reason, participants were warned that 396 
knapping must be hand holding. 397 
The differences between the two groups can be seen in the digital images 398 
(graphs and density maps). Our results verify that the lithic remains produced by right-399 
handed knappers tend to be clustered in an arc to the right of where the knapper was 400 
sitting, while the lithic remains of left-handed knappers tend to be concentrated towards 401 
 These patterns can be seen at figure 7. 402 
To our knowledge, this is the first method established for identifying the 403 


































































The experimental procedures make use of variables and constants, the latter 405 
enabling a comparison to be made between the different experiments, and the former 406 
allowing variability within the group to be identified. The position of the knappers was 407 
constant, so the scatters of lithic remains always had the same point of origin. This 408 
makes it possible to compare all the scatters and all the knappers . 409 
However, we must be aware of this data can only provide information about the hand 410 
used at knapping. In general, this entails identifying right and left-handers, but not 411 
ambidextrous individuals, who may use indistinctly both hands at specialized tasks. 412 
Nerveless at the individual level, we have also obtained very interesting results 413 
on the spatial distributions (Figure 7), where it is possible to identify a right-handed 414 
knapper with 75% confidence, and a left-handed knapper with 50% confidence with 415 
regard to their own groups. These results change when focusing on their scatter patterns. 416 
In this sense, a lithic distribution with left orientation is likely to correspond to a left-417 
handed knapper, as we have not identified any right-handed knappers with this spatial 418 
pattern. However, if the lithic remains are right-oriented there is 81.3% possibility that 419 
they correspond to a right-handed knapper, and a 16.6% possibility that they belong to a 420 
left-handed knapper. Finally, if the lithic spatial distribution shows no preferential 421 
orientation there is a 50% possibility that this spatial distribution corresponds to either a 422 
right- or left-handed knapper. 423 
These results become less clear when we standardize the data with the aim of 424 
approaching archaeological data sets. In order for this method for identifying the 425 
handedness of fossil hominins to be applied in archaeological contexts, two conditions 426 
must be met, making its usefulness rather limited: (1) the site must not have suffered 427 
severe natural, post-depositional alteration; and (2) the exact place where the individual 428 
did the knapping must be identified. This second limitation may be overcome by 429 
isolating different knapping episodes that took place in the same area by means of lithic 430 
refits. 431 
Once an archaeological lithic scatter spatial distribution has been isolated, and 432 
where there is no indication at all about individuals or groups, by applying the method 433 
developed in this study we will be able to identify the preferential axis of the spatial 434 
distribution: if it is left oriented we can say with 100% certainty that the knapper was 435 
left-handed, since none of the right-handed knappers showed left orientations of their 436 


































































is only 85.71% confidence level of the fact that the knapper was right-handed, since 438 
some left-handed knappers (14.28%) show a similar scatter pattern to right-handers.   439 
In conclusion, the method presented here involving twenty-eight experiments 440 
allows the variability between the left and right-handed knappers to be identified and 441 
quantified through an analysis of the scatter patterns of both groups, and provides a 442 
probability range for its potential use in archaeology. This application may contribute to 443 
the knowledge of the process of brain lateralization in prehistoric hunter-gatherer 444 
communities, adding to our understanding of the evolution of higher cognitive functions 445 




































































This research was funded by the Spanish MICINN (projects HAR2012-32548/HIST, 449 
CGL2012-38434-C03-01/03 and CGL2015-65387-C3-1-P (MINECO/FEDER)), the 450 
Generalitat de Catalunya (AGAUR 2014 SGR-899) and Universitat Rovira i Virgili 451 
(2014PFR-URV-B2-17 and 2015PFR-URV-B2-17). The authors are grateful to 452 
everyone who took part in the experiments. The authors would also like to thank N. 453 
454 




































































Ahler, S.A. (1989). Mass analysis of flaking debris: Studying the forest rather than the 458 
tree. Alternative approaches to lithic analysis. Ed. D.O. Henry and G.H. Odell. Papers 459 
of the American Anthropological Association, 1, 85-118. 460 
461 
Barcelona. 462 
Barga , Mosquera, M. (2013). Can hand laterality be identified through lithic 463 
technology? Laterality, 19, 37-63.  464 
An alyawara Day: the Stone Quarry. Journal of 465 
Anthropological Research, 40, 406-432. 466 
-Jalvo, Y. (1988). Buccal striations 467 
on fossil human anterior teeth: evidence of handedness in the middle and early Upper 468 
Pleistocene. Journal of Human Evolution, 17, 403-412. 469 
Cziela, E., Eickhoff, S., Arts, N., Winter, D. (Eds) (1990). The big puzzle. International 470 
symposium on refitting stone artefacts. Bonn. 471 
Corballis, M.C. (1983). Human laterality. New York: Academic Press. 472 
Cornford, J.M. (1986). Specialised resharpening techniques and evidence of 473 
handedness. In Callow, P., Cornford, J.M. (Eds): La Cotte de St Brelade Excavations by 474 
C.B.M. McBurney, (pp. 337-351). Geo Books, Norwich. 475 
476 
Software Package for Education and Data Analysis. Palaeontologia Electronica 4(1), 9 477 
pp. http://palaeo-electronica.org/2001_1/past/issue1_01.htm  478 
 Palaeontological Statistics, 479 
ver. 1.81. http://folk.uio.no/ohammer/past/past.pdf 480 
Hiscock, P. (2004) Slippery and Billy: Intention, Selection, and Equifinality in Lithic 481 
Artefacts. Cambridge Archaeological Journal, 14, 71-77. 482 
Holloway, R.L., Broadfield, D.C., Yuan, M.S., Schwartz, J.H., Tattersall, I. (2004). The 483 
Human Fossil Record. Volume 3. Brain Endocasts: The Paleoneurological Evidence. 484 
The Human Fossil Record. Wiley-Liss, New York. 485 
486 
of the manufacture of a neolithic square se487 
activities on an assemblage excavated as part of the Oresund Fixed Link Project. Acta 488 


































































Kvamme, K.L. (1997). Patterns and models of debitage dispersal in percussion flaking. 490 
Lithic technology, 22(2), 122-138. 491 
LeMay, M. (1976). Morphological cerebral asymmetries of modern man, and 492 
nonhuman primates. Annals of the New York Academy of Sciences, 280, 349-366. 493 
Leroi- (1966). 494 
Pincevent -et- , 9, 263-385 495 
Llorente, M., Riba, D., Palou, L., Carrasco, L., Mosquera, M., Colell, M., Feliu, O. 496 
(2010). Population-level right-handed for a coordinated bimanual task in naturalistic 497 
housed chimpazees: re498 
American Journal Primatology, 71, 1-10. 499 
500 
handedness of Homo heidelbergensis from Sima de los Huesos (Atapuerca, Spain) 501 
500,000 yeara ago. Evolution and Human Behavior, 30, 369-376. 502 
McGrew, W.C., Marchant, L.F. (1997). On the other hand: Current issues in and Meta-503 
analysis of the behavioral laterality of hand function in nonhuman primates. Yearbook 504 
of Physical Anthropology, 40, 201-232. 505 
Newcomer, M.H., Sieveking, G. (1980). Experimental flakes scatter-patterns: A new 506 
interpretative technique. Journal of Field Archaeology, 7(3), 345-352 507 
Riba, D. (2012). Complex Tasks 508 
force hand laterality and technological behaviour in Naturalistically housed 509 
chimpanzees: Inferences in hominin evolution. The Scientific World Journal 2012: 12 510 




Atapuerca, Burgos). PhD. Dissertation, Universitat Rovira i Virgili. 515 
Peresani, M., Miolo, R. (2012). Small shifts in handedness bias during the Early 516 
Mesolithic? A reconstruction inferred from Microburin technology in the eastern Italian 517 
Alps. Journal of Anthropological Archaeology, 31, 93-103. 518 
Phillipson, L. (1997). Edge modification as an indicator of function and handedness of 519 
Acheulian handaxes from Kariandusi, Kenya. Lithic Technology, 22, 171 183. 520 
Plato, C.C., Wood, J.L., Norris, A.H. (1980). Bilateral asymmetry in bone 521 
measurements of the hand and lateral hand dominance. American Journal of Physical 522 


































































Pickering, T.R., Hensley-Marschand, B. (2008). Cutmarks and hominid handedness. 524 
Journal of Archaeological Science, 35, 310-315. 525 
Roberts, M.B., Parfitt, S.A. 1999, Boxgrove. A Middle Pleistocene hominid site at 526 
Eartham Quarry. Boxgrove, West Sussex. London, English Heritage. 527 
Rugg, G., Mullane, M. (2001). Inferring handedness from lithic evidence. Laterality, 528 
6(3), 247-259. 529 
Shick, K.D. 1986. Stone age sites in the making: experiments in the formation and 530 
transformation of Archaeological Occurrences. BAR International Series 319. Oxford, 531 
England. 532 
Toth, N. (1985). Archaeological evidence for preferential right-handedness in the lower 533 
and middle Pleistocene, and its possible implications. Journal of Human Evolution, 14, 534 
607-614. 535 
Uomini, N.T. (2009). The prehistory of handedness: Archaeological data and 536 
comparative ethology. Journal of Human Evolution, 57, 411-419. 537 
Uomini, N.T., Meyer, G.F. (2013). Shared Brain Lateralization Patterns in Language 538 
and Acheulean Stone Tool Production: A Functional Transcranial Doppler Ultrasound 539 
Study. Plos One, 8(8), e72693 540 
The Interpretive potential of lithic 541 
in). Fitting Rocks. 542 
Lithic Refitting examined. U. Schurmans and M. de Bie. (pp.75-89). 543 
Vaquero, M. (2008). The history of stone: behavioural inferences and temporal 544 
resolution of an archaeological assemblage from the Middle Palaeolithic. Journal of 545 
Archaeological Science, 35, 3178-3185. 546 
White, J.P., Thomas, D.H. (1972). What mean these stones? Ethno-Taxonomic models 547 
and archaeological interpretations in the New Guinea Highlands. In Models in 548 
Archaeology, edited by D.L. Clarke, 275-308. Methuen, London. 549 
 550 
Figure legend 551 
 552 
Figure 1. On the left, location of the log and knapper in the knapping area. Top right: 553 
one of the participants sitting on the log. Bottom right: an example of a lithic knapping 554 
spatial distribution. 555 
Figure 2. Example of digital scatter, where the maximum amplitude of spatial 556 


































































result of subtracting the point of origin on the x axis from the final position of the lithic 558 
item. he point of origin on the y axis from the final 559 
position of the lithic remain. h is the hypotenuse (referred to as distance  hereafter). ^560 
is the angle between the hypotenuse and the major cathetus of the lithic fragment. 561 
Figure 3. Superposition of all digital scatters of left-handed knappers (left) and right-562 
handed knappers (right).  563 
Figure 4. Frequency graphHistogram of the number of lithic remains documented 564 
within intervals for the right-handed and left-handed populations.  565 
Figure 5. Rose diagrams representing the number of lithic remains by their final 566 
position in degrees. The left graph corresponds to the left-handed sample set and the 567 
right graph corresponds to the right-handed samples. 568 
on of knapper. 569 
Figure 6. Density map of the lithic remains produced by left-handed (left) and right-570 
handed knappers (right). The position of the knapper corresponds to 0 at the horizontal 571 
axis. 572 
Figure 7. Density maps of each individual knapping event. The position of the knapper 573 
corresponds to 0 at the horizontal axis. The knapper was looking to the South and the 574 
lithic remains distribution is in front of him/her. The line on each scatter inform us 575 
about the direction of the maximum spatial distribution. 576 
 577 
Figure 8. HistogramFrequency graph of the number of lithic remains documented per 578 
intervals for the right-handed and left-handed population, once the data had been 579 
standardized.  580 
 581 
Table legend 582 
 583 
Table 1. Participant information and characteristics. The level of expertise is grouped 584 
585 
and have knapped occasionally, but not regularly (about once a year); 586 
ut have never 587 
knapped themselves and have no theoretical knowledge of lithic ; 588 


































































Table 2. Number of scatters produced by left- and right-handed knappers (each 590 
participant knapped twice), total number of pieces in each scatter, and total number of 591 
each handedness sample. 592 
Table 3. Distribution of percentage of the lithic remains intervals, 593 
distinguishing the left-handed and the right-handed populations. Shaded cells mark the 594 



































































Supplementary information 1 597 
Figure S1. Some of the flakes obtained by novices knappers. 1a) Right-handed and 1b) 598 
Left-handed. 599 
Supplementary information 2 600 
Table S2. Distribution of lithic remains intervals, distinguishing individual 601 
  602 
Supplementary information 3 603 
Figure S2. Individual density maps of each knapper events after data were standardized. 604 
Left-handed knappers in the top and right-handed knappers at the bottom. The position 605 
of the knapper corresponds to 0 at the horizontal axis. The knapper was looking towards 606 
South and the lithic remains distribution is in front of him.  The line on each scatter 607 




































































We really thank you and the reviewer the suggestions to improve our manuscript, which we have followed to change 
and explain our data. To make easier this process, we are answering in red after the reviewer comments. 
 
 
Reviewer #2: The paper has been largely improved and the authors considered each of the reviewers' comments. 
However, I think few details still need to be clarified and/or improved. 
 
Figures: you added an arrow for the orientation of the knapper but you do not mention it in the figure captions. I do know 
what this arrow is because I made the previous comment but future readers of the paper might be confused without any 
explanation in the figure captions. Make clear that this arrow shows where the knapper is looking at, the important is to 
know where are the back and the face of the knapper to understand flakes distribution. If I understand well the knapper 
was looking towards South? I am still not sure, we really need to know clearly where the knapper is looking to 
understand if the flakes distribution is rather on his back or in front of him and if you talk about the left/right of the graphs 
or the left/right of the knapper. 
 
Right. We included an explanation in the figure captions (Figure 7 and Supplementary information Figure S2). 
In all cases, the knappers looked towards the South, independently that some flakes may have fallen towards his/her 
sides. Therefore, with the exception of Figures 1 and 2, the rest of the figures show the position of the knapper as if 
he/she was the reader; that is, the left/right of the knapper in the graphs is the left of the reader. 
 
Table 3: the way of selecting highest number of artifacts is still unclear. 
You explained that "We selected those zones of highest number of artefacts that also were showing continuous 
increment. Therefore, we dismissed the zones that show significant decrease. One example is in left-handed between 
the zone (- - - -
the other zone in Table 3." 
So following this we could consider that your cut-off is 28. This is also working for the intervals (10,19) and (20,29) with 
136 and 108 artifacts respectively. However, if the cut-off is 28, why don't you cut between (-19,-10) and (-9,0) with 115 
artifacts and 145 artifacts respectively so 30 artifacts decrease. If your reason is that there is an apparent continuity 
between (-29,-20) and (-9,-0) then why don't you consider that there is an apparent continuity between (10,19) and 
(30,39) as the decrease is not as important as in between (-29,-20) and (-9,-0)? It is the same for right-handed. The 
figure 4 show it well actually. You can also "normalize" your table 3 using percent (of the maximum number of artifacts 
for example) in order to make the data more comparable with each other. This would help you to define a clear and 
more objective cut-off. You can also make a table showing the decrease between intervals, it is very fast to do (I did it 
for myself with your data within few minutes). You can have a look to the table 3 in percent I provide. Based on that you 
could for example decide that your cut-off is a 25% decrease from the maximum number of artifacts. This means that 
intervals with a number of artifacts corresponding to more than 75% of the maximum encountered number of artifacts 
will be considered to be containing a high number of artifacts. This would correspond to almost the same results as you 
presented for left-handed but the intervals [30-39] contains also a high number of artifacts. For right-handed, it would be 
a continuous spread of high number of artifacts between [-29,49]. 
 
Right. We changed table 3 and we used the percentage. 
 
Also you have "0" and "-0" in your intervals. Please modify to show in which interval the 0 is taken into account. 
 
Right. We corrected - - . 
 
Figure 7: Arrows help a lot reading the graphs. The interpretation of ABEX2 is very questioning as there are numerous 
artifacts on the left as shown by the darker grey area but the arrow point to the right just because there is the furthest 
artifact on the right. This artifact is quite isolated based on the graph. So I think this line shows the "maximum distance 
between the knapper and the furthest artifact" rather than the "maximum spatial distribution". 
You said that "the directionality of the scatter is marked by the piece located furthest from the knapper, the origin point." 
Don't you think that this can be very misleading as it gives high importance to outliers? This is, I think, what happen with 
ABEX2 for example. 
 
The reviewer is questioning the interpretation of ABEX2. In this case, it is true that the maximum spatial distribution is 
not continuous: we can see numerous artefacts on the left and a little artefacts group (no isolated artefacts) on the right. 
The difference between these two artefacts groups is that the group on the right is farthest than the group on the left. 




Notation of intervals haven't been corrected in figures and tables. 
 
Line 125-126: When talking about ages please provide the unit, mean and SD also have the same unit. We can guess 
that it is "years" but this should mentioned. 
 
Right. We corrected it 
 
Line 137: "290.39 g" instead of "290,39" 
 
Right. We corrected it 
 
Line 174: "more than 90% of" 
 
Right. We corrected it
Figure 2: "lithic item" instead of "lthic item" in the legend 
 
Right. We corrected it in the legend of Figure 2 
 
Line 206: the problem of square root remained the same, this might be due to pdf conversion, pay attention that this is 
well done in the final version of the paper otherwise the given formula is erroneous. 
 
OK. We will pay attention of this matter in the final version of the paper, because in our Word versions I see it correctly. 
 
Figure 4: Broken lines (and line graphs) are showing the evolution of a phenomenon over time which is not the case 
here. Moreover, you deal with intervals so histogram is the appropriate type of graph. 
 
Right. We changed the line graphs by histogram. 
 
Line 254-  
 
Right. Text changed 
 
 
 















